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Steam reforming is found to be the most effective way for hydrogen production, since it 
generates high hydrogen content at low operating temperature without any requirement of 
oxygen. For onboard hydrogen production, compared to other natural gases, methanol is 
used as a fuel for steam reforming due to its high energy density, high hydrogen to carbon 
ratio, low reforming temperature, safe storage, and economical transportation. Although 
methanol steam reforming has been significantly studied for a different type of reactors, 
there is still a great scope to improve the performance of the reactor by optimizing it for 
large surface area and effective heat transfer.  
 
In this thesis, the different models of coated foam plate reactor are studied using 3D CFD 
simulations. Based on the flow pattern, two different designs of a plate reactor with copper 
metal foam coated with CuO/ZnO/Al2O3 catalyst is modeled. Methanol conversion and 
species mole fractions are evaluated at different steam to carbon ratio and reactor 
temperature. Optimization of the proposed models has been done for 99% methanol 
conversion at 5 kW high-temperature polymer electrolyte membrane fuel cell. Thermal 
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mass, species production, and pressure drop of the proposed models are studied, and the 
most effective reactor is selected. 
 
The model results concluded that high steam to carbon ratio and high reactor temperature 
increases the methanol conversion along with CO and H2 content in reformate gases. 
However, due to energy limitations, 1.3 − 1.5  steam to carbon ratio is preferable while 
catalyst deactivation at high temperature prevents reactor temperature from being more 
than 300℃. By optimizing both types of the reactor, the most compact reactor produces 
99% methanol conversion, 66.02% H2, and 2.07% CO. It is analysed that increment in 
width plays a significant role in methanol conversion compared to other geometrical 
parameters. Therefore, the optimal parameters are obtained, and based on this analysis, the 
performance of 2.5, 3 kW HT-PEM fuel cell system is evaluated.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
